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ABSTRACT : Bony atrophy around the components following total knee 
 
 
 
arthroplasty (TKA) is often observed on radiograph. We quantitatively 
evaluated and examined postoperative bone changes around the total knee 
components using dual-energy X-ray absorptiometry (DXA) over time. A 
retrospective study was conducted to evaluate bone mineral density (BMD) 
around the components in 22 patients pre-operatively; and 1, 3, 6, 12, and 
24 months after cementless TKA for the treatment of osteoarthritis. In the 
coronal view, the medial tibia showed that a significant decrease in BMD at 
12 months compared with 1 month after surgery BMD (P < 0.05). The 
sagittal view showed that a significant decrease in BMD at the anterior 
femoral condyle at 24 months compared with 1 month postoperative BMD 
(P < 0.05). TKA improve the leg alignment and load-bearing axis. We 
found that BMD tended to decrease on the medial side of the tibia and the 
anterior femoral condyle area. Our results suggest the recreating proper 
valgus alignment of the knee joint provide physiological balancing and 
conditions. A larger prospective study is warranted. 
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Introduction 
 
To date, 25.3 million people have Osteoarthritis (OA) of the knee in 
Japan1). OA of the knee can cause gait disturbance and knee pain, because 
of the chronic deformation of the knee joint cartilage and malalignment of 
the lower extremities. These symptoms reduce the activities of daily living 
(ADL) and quality of life (QOL) 2). The recent most common surgical 
procedure for knee OA is total knee arthroplasty (TKA). The long-term 
results of TKA also lead to the maintenance of ADL and QOL. It has been 
shown that the stresses across the joint theoretically disperse axial load to 
the ligament and muscles with total knee component. However, 
occasionally, bony atrophy around the component has been occurred with 
the use of total knee implant (Fig. 1). This phenomenon is referred to 
“stress shielding”, which was thought as bony atrophy by primarily non-
physiological axial loading in the field of hip joint3). DXA is the most 
commonly used technique to measure bone mineral density (BMD). It uses 
two X-ray beams of different energy levels to scan the region of interest 
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and  measure  the  attenuation  as  the  beam  passes  through  the  bone4). 
 
 
 
Soininvaara T. et al. reported bone qualitative study around the component 
after TKA using DXA5-7). However, these studies evaluated only femoral 
side, or tibial side. To date analysis of the stress shielding and remodeling 
of bone around the component as a total joint arthroplasty is most 
important. 
To investigate bone quality at any region of the knee after cementless 
TKA at any region of the knee, we quantitatively evaluated bone, tibia and 
femur changes in BMD using DXA. 
 
 
Subjects and Methods 
 
Patients 
 
The retrospective study was carried out from July 2011. The study was 
approved by the Ethics Committee of Showa University School of 
Medicine. 
22 patients (2 male and 20 female, 13 right and 9 left) were enrolled in 
the study. The participants suitable for inclusion in the study were OA 
patients   who   undergone   TKA.   Patients   with   rheumatic   arthritis, 
5 
posttraumatic OA, in the treatment of osteoporosis were excluded from the 
 
 
 
study. Patients who were cane-dependent or walker-dependent before 
surgery were also excluded. We extracted cases of primary TKA. All 
patients had the same cementless implants (LCS COMPLETE, 
DepuySynthes, Inc., California, and USA). The patients started partial 
weight-bearing with a walker 2 weeks after TKA, and underwent full 
weight-bearing with either a cane 3 weeks after surgery. All alignment 
angles were evaluated as Femoro-Tibial Angle (FTA), and measured at 
postoperative 1 month. 
 
 
Measurements of BMD 
 
BMD of the periprosthetic proximal tibia and distal femur was measured 
using Discovery DXA system (Hologic, Inc., Massachusetts, and USA) on 
a coronal view and a sagittal view before surgery, at 1, 3, 6, 12, and 24 
months following surgery. In the coronal view, the patients were placed in 
the supine position, the patella front position and the knee extension 
position on the scanning bed. In the sagittal view, the patients were placed 
in the lateral position and the knee extension position on the bed. The scan 
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commenced 15cm distal to the inferior edge of the patella. The scan lasted 
 
 
 
90 seconds (140-100kV; 2.5mA; 0.2mGy; field of view: 22 cm (L) × 11 
cm (W)). The detailed BMD evaluation with DXA at ROI in knee was set 
as figure.1. The ROI referred to the documents in Soininvaara T et al. 5-8) 
and Van Loon CJ et al. 9) literatures. 
 
 
Regions of interest (ROIs) 
 
The ROI in the coronal view of the knee joint were divided into the 
following areas: (1) cR1: the area at the upper tip of the femoral component 
on the femoral axis, (2) cR2: the lateral side of the tibial component at the 
height of the center of the fibula head, (3) cR3: the medial side of the tibial 
component at the height of the center of the fibula head, and (4) cR4: the 
lower tip of the tibial component. The sagittal view was divided into the 
following areas: (1) sR1: the area at the height of the upper margin of the 
femoral component on the femoral axis, (2) sR2: the dorsal side of the 
femoral component at the height of the center of the patella; (3) sR3: the 
intersecting point with the peg of the femoral component at the height of 
the center of the patella, (4) sR4: the tibial tuberosity area; (5) sR5: the 
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most distal dorsal side of the tibial component, and (6) sR6: the lower tip of 
 
 
 
the tibial component (Fig. 2). 
 
 
 
Statistical Analysis 
 
The 95% confidence intervals (CI) were calculated for the changes in 
BMD. For statistical analyses, we used JSTAT software. Comparisons of 
the changes in BMD were performed using ANOVA with the Dunnett’s 
post hoc test. We defined a post-operated 1 month data as a point of 
reference. 
 
 
Results 
 
Patients 
 
At the time of surgery, the average age was 76.0 ± 5.7 years, average 
height was 150.0 ± 5.0 cm, average body weight was 56.6 ± 11.6 kg, and 
average body mass index (BMI) was 24.9 ± 4.0 kg/m2. FTA was corrected 
from an average of 182.3° ± 4.0° before surgery to 171.2° ± 2.3° after 
surgery. 
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Coronal view 
 
 
 
Changes of BMD in ROI was evaluated at 3, 6, 12, 24 month after 
surgery, and compared with post-operative 1 month data. The measurement 
results of the BMD are shown in Table 1. In coronal view cR1, cR2 and 
cR4, no significant change was observed before and after surgery. In 
coronal view, cR3 (medial side of the tibial component) showed a 
significant decrease in BMD at 12 months compared with postoperative 1 
month (P = 0.035). 
 
 
Sagittal view 
 
Changes of BMD in ROI was evaluated at 3, 6, 12, 24 month after 
surgery, and compared with post-operative 1 month data, which was same 
as coronal view. The sagittal view exhibited no significant change in sR1, 
sR3, sR4, sR5 and sR6. The sR2 (anterior femoral condyle) view showed a 
significant decrease in BMD at 12 and 24 months compared with 
postoperative 1 month (P = 0.004). 
 
 
Discussion 
9 
The most important findings in this study are that mild bone atrophy 
 
 
 
around the component after TKA is occurred at medial tibial condyle and 
distal femoral anterior metaphysis. This finding was demonstrated in 
detailed area of BMD by high solution DXA, and our results of bone loss 
was 21％ in distal femur and 25％ in tibia, compared with normal annual 
 
bone loss (Bohrand and Schaadt.1987, Chcovich.1989)10)11) . Only a few 
studies report the efficacy of measurement of BMD around the component 
after TKA after development of high solution DXA12). Soininvaara T 
measured periprosthetic tibial BMD, but these study were not both tibial 
and femoral side, short-term follow-up and cemented TKA5-7). In the study 
of Peterson MM, TKA was cementless but the BMD measurement was not 
by DXA, but by dual photon absorptiometry, and only tibial side was 
measured 13). We thought simultaneous measurement of both femoral and 
tibial bone and it is clinically important. Anett Mau – Moeller measured 
both tibilal and femoral bone, but the follow-up period was 3 month14). 
When we clinically considered a follow-up period, most patients might 
reduce the activity level in the first 6 months and gradually return to the 
preoperative level in the next 6 months, and improve preoperative level at 
postoperative 2 years15). At least 2 years data should be measured in this 
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study. In a similar study of cemented TKA, thick cemented bone area might 
make influence in BMD measurement5-7)16). 
The presence of good BMD around the knee component is an important 
factor in longevity of TKA. A previous study conducted for preventing 
decreases of BMD and bone atrophy after TKA15)17)18). Bone atrophy 
around the components and stress shielding following TKA is often 
observed on radiograph. 
Using DXA, we quantitatively evaluated BMD around the components 
preoperatively and 1, 3, 6, 12, and 24 months postoperatively in the coronal 
and sagittal views. DXA is the most commonly used technique to measure 
BMD. It uses two X – ray beams of different energy levels to scan the 
region of interest and measure the attenuation as the beam passes through 
the bone4). 
In the coronal view, our results were a significant decrease in BMD of 
 
the proximal medial tibia at postoperative 12 months compared with 
postoperative 1 month. In the sagittal view, BMD of the anterior femoral 
condyle area was significantly reduced at postoperative 12 and 24 months 
compared with postoperative 1 month. The FTA was corrected from 182° 
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before surgery to 171° after surgery. The varus deformity was corrected, 
and leg alignment changed. Loading axis was changed to the lateral side, 
the weight decreases at the proximal medial tibia. Bony response and 
adaptation might be occurred by Wolff’s law after mechanical stimulation 
and repeated load19). Less cyclic loading leads likely to bone atrophy under 
the  component  and  finally  makes  a  stress  shielding13)19).  In  our  study, 
 
significant bone reduction in the proximal medial tibia at the 24 months 
after surgery was not occured. This phenomenon has a possibility that the 
BMD at this area will not decrease. It has been reported that the decrease in 
BMD of the proximal tibia persists even 10 years following surgery20). 
Although correction of FTA changes the load-bearing axis of the leg and 
causes stress shielding, it is unclear when stress shielding ends. 
There are some limitations in this study. Firstly, this is a retrospective 
study and small sample size. A prospective blinded study and increasing the 
sample size will enhance the evidence level. Secondly, this study did not 
use specialized analysis software at the time of examinations12). Further 
prospective  studies  that  reveal  the  appropriate  follow-up  period  and 
12 
occurring bone remodeling are needed in this respect. 
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values at pre-operation, postoperative 1, 3, 6, 12, and 24 months of 22 
patients 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Significant BMD changes compared with postoperative 1 month 
(ANOVA) 
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Legends for figure 
 
 
 
 
 
 
Fig. 1. 
 
A radiograph of the TKA surgery shows bone atrophy of the proximal 
medial tibia ( a ) and anterior femoral condyle ( b ) by the arrows. 
 
 
Fig. 2. 
 
It shows the configuration of the regions of interest (ROIs). In the coronal 
and sagittal view, we measured the bone mineral of the ROI using the DXA 
in the coronal and sagittal views preoperatively and 1, 3, 6, 12, and 24 
months postoperatively. 
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